I t is sugg ested th a t th e origin o f som e o f th e tra n s ie n t ionic clouds, g e n e r ally assu m ed to be responsible for th e low level sp o rad ic ra d io reflexions, m a y be d u e to large cosm ic ra y show ers.
Introduction
The anomalous 'scattering' of radio waves into the normal skip zone was reported by Eckersley in 1929 and subsequently by many other workers. Though the majority of these echoes appear to originate in the E layer (Appleton, Naismith and Ingram 1937) , the work of Watson W att Wilkins and Bowen (1937) , Appleton and Piddington (1938) , Colwell and Friend (1936, 1939) and others have proved the existence of reflexions from levels as low as 10 km. Little definite is known of the magnitude or frequency of these low level sporadics, but the work of Appleton and Piddington (1938) suggests reflexion coefficients of the order of 2 x 10~5 to 10-4, while the frequency of occurrence appears to be of the order of several per minute both day and night.* It is generally assumed th at these sporadic reflexions in E regions must be due to transient ionic clouds, but a variety of opinions has been ex pressed as regards both the nature and origin of the tropospheric scat tering centres. Suggestions have been made that they may be caused by solar activity, aurora phenomena, thunderstorms, meteorites and water vapour discontinuities. The object of this note is to draw attention to the possibility that some of these reflexions, particularly those at low levels, may be due to the ionization produced by large cosmic ray showers. It will be shown th at the detection of these showers by modern high power pulse transmitters, such as are nowadays used in ionospheric and tropo spheric investigations, should certainly be possible. * E ckersley (1940) found one p er 30,000 k m .2/sec. in th e E layer, an d a com posite p la te in th e p ap er of W a tso n W a tt et al. (1937) show s th e freq u en cy of occurrence o f th e low level sporadics to be a b o u t te n tim es as g rea t.
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Comparison of energies
A cosmic ray shower of high energy produces a long narrow cylinder of ionization traversing the whole atmosphere. Consider a shower at a dis tance R from a powerful radio transm itter with a wave-length A large compared with the diameter of the column of ionization. Diffraction theory shows that the amplitude of the reflected wave at the transm itter will be approximately equal to that which would be produced by a point cluster of n ions, where n is the number of ions contained in a column, whose length L is that of the first Fresnel zone, that is, where
From the cascade theory of showers, it can be calculated th at the maximum number of electronic ions produced per centimetre of air at a pressure p, expressed as a fraction of an atmosphere, by an inciden electron of energy E, is roughly given by
Thus the number of electrons in the equivalent point cluster is
If the reflexion coefficient p is defined as the ratio of the reflected amplitude to that incident on the cluster, then a point cluster of N electrons at a distance R from the sender will have a reflexion coefficient
where r = -^ = 2-8 x 10-13 cm. me1
Considering (2) and (3) we obtain for the reflexion coefficient of a shower of energy Ea t a distance R,
For instance, putting p =2 x 10-5, A = 5 0 m., 10 k E = 2 x 1016 eV. Now showers of nearly this energy have already been observed directly by Auger and his collaborators (1939), Janossy and Lovell (1938), Lovell and Wilson (1939) and others. We conclude therefore that cascade cosmic ray showers certainly exist of sufficient energy to produce measurable radio reflexions.
F requency-size distribution
Whether some of those reflexions already observed are from such cosmic ray showers is difficult to decide without more evidence than appears to be available at present of the frequencies of the echoes. The frequencysize distribution of the echoes from cosmic ray showers will depend on the energy spectrum of the incident rays. Consider first, the reflexion of a nearly horizontally directed radio wave by a nearly vertical shower. If, as is probable, the number of rays with energy above E, falling on unit area from a nearly vertical direction is roughly of the form
then the number of rays of energy greater than E which fall within a distance R and R + dR from the sender, will be equal to
hi* Substituting E from (4) we get
We see therefore th at the number of echoes between ranges R and R + dR with reflexion coefficients greater than is inversely proportional to p2, but is independent of the range R. If the observed echoes from a hori zontally directed radio beam are found to obey this relation, it will be strong evidence that the echoes are from showers.
From the work of Auger (1939) , it can be calculated that G(E) ~ 1*6 x 10_9/cm.2/min. for E = 1015 eV ;
whence a~ 1-6 x 1021/ergs2/cm.2/min._1. Taking again 1, A = 50 m., we find vdR = 10 (g)
The number of echoes with reflexion coefficients greater than 10-4 observ able over a range SR = 10 km. should therefore be about one per minute. The observed echoes appear to occur with a frequency of this order of magnitude.
If we now consider a radio transmitter giving a directed beam vertically instead of horizontally, then it is clear that it will be the horizontal showers which give echoes. To take into account the decrease of pressure upwards we can write p = erf* in (7 ). The frequency of the echoes will therefore fall off exponentially with in contrast to the case of a hori-zontally directed beam, which is shown above to give a frequency in dependent of R. Numerical calculation shows th at the observed E level sporadics are much too frequent to be explained in this way, and therefore are probably to be attributed to some other cause than cosmic ray showers.
With any normal radio transmitter, radiating in all directions, the frequency-size distribution will be too complicated to allow an easy test of the theory.
Duration of the echoes
The duration of an echo will be the lifetime of the free electronic ions, and this is governed mainly by the rate of attachm ent to molecules. Thus the duration of the echoes will be roughly inversely proportional to the pressure, and will have a value of 10-5 to 10-6 sec. a t ground level and of the order of a second at 100 km. Thus, though the amplitude of an echo will decrease with the pressure, its duration will increase in the same pro portion, leaving the product of amplitude and duration unchanged. I t is possible that some types of receiving apparatus may not detect the very short echoes from low levels as easily as the smaller but longer echoes from greater altitudes. This might give an apparent maximum frequency of detectable echoes at a considerable altitude.
Conclusion
If the suggestion put forward here, th at radio echoes should be detect able from cosmic ray showers, is substantiated by experiment, a new and powerful technique will be available for cosmic ray research, especially for the investigation of the energy spectrum at very high energies.
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